Long-term variations in solar wind parameters, using daily values and find that both extremely small and large standoff distances dur-
138
In some exceptional cases, such time intervals may last several hours, and this may shift 139 the magnetopause position about 1-2 R E outward (Samsonov et al., 2017) . The mag-140 netopause models have not taken into account this effect so far, nevertheless we discuss 141 the influence of quasi-radial IMF intervals on our results below.
142
The main motivation of this work is to investigate how the average magnetopause 143 size has varied in the space era using OMNI data and empirical magnetopause models.
144
We do not limit our attention only to variations in the solar wind dynamic pressure, but Besides the solar wind velocity, the dynamic pressure depends also on the solar wind 172 density, and both CMEs and CIRs are usually accompanied by a density increase. We 173 discuss below the correlations between the annual density, velocity and dynamic pres-
174
sure.
175
The paper is organized as follows. In section 2, we show and discuss the average 176 and extreme solar wind and magnetospheric parameters over the last five solar cycles.
177
In section 3, we investigate events when the magnetosphere is extremely compressed. We 178 close the paper with discussion and conclusions.
179
2 Solar wind and magnetospheric cycles and trends
180
We begin this study with the hourly average solar wind parameters from OMNI words, the probability of getting an extremely small dynamic pressure seems to be higher 235 near solar maximum than near solar minimum too. This is also the case for the extremely 236 large dynamic pressure. The correlation between the maximum annual dynamic pres-237 sure and the annual SSN is statistically significant with the coefficient of 0.364.
238
Comparing the results of S98 (solid) and L10 (dashed) magnetopause models, we 239 conclude that both models predict qualitatively very similar variations (since they are 240 determined by dynamic pressure in both cases), but the L10 model usually predicts slightly 241 larger maximum or smaller minimum standoff distance. The reason for this is that the 242 L10 model implies a stronger dependence of the standoff distance on the dynamic pres-
The maximum Dst index also displays the 11-year cycle as expected.
245
After emphasizing the extreme solar wind parameters in Figure 2 , we now consider whole 5-cycle interval. We suggest that the spikes of P dyn are related to strong CMEs 260 or to pairs of CME-CME and CIR-CME (Lugaz et al., 2017), which usually concentrate 261 near solar maximum and in the declining phase.
262
We quantify the correlations in Figure 4 we note above, the correlation between SSN and P dyn is higher for three last solar cy-296 cles, than for the whole 53-year interval, therefore we provide the coefficients for both the maximum of the 22nd to the minimum between the 23rd and 24th cycles. cle is only 0.5% higher than in the 22nd cycle.
330
We quantify the differences between cycles 22 and 24 in 
354
The last two events in Table 3 are classified as CME-related in the ACE Richard- be classified as magnetic storms, and Kp is 5.7 or higher.
362
We used 1-min averaged magnetic field data obtained from geosynchronous space- Table 3 are also included in this statistics.
MLT). The last two events in

369
The histogram covers the interval from 1996 to 2017, but the geosynchronous mag- 
497
Using our dataset, we have found dates when the predicted subsolar magnetopause 498 was very close to the Earth. Because of many datagaps before 1995, we find only three 499 daily values of Rsub smaller than the geostationary distance 6.62 (see Table 3 ). In all 500 the events, the cause of the large magnetospheric compression seems to be related to CMEs, 501 or, even, to CME series in at least two of the three events.
502
We suggest another way to check that the predictions of magnetopause distance 503 with empirical models on a long timescale are reasonably good. We have compared the 504 number of events with negative B z at geosynchronous orbit and annual minimum mag-
505
netopause distance between 1996 and 2018. We obtain that minima in the minimum Rsub 506 nearly coincide with maxima on the histogram of negative B z events although the two 507 plots illustrate different processes. The minimum Rsub corresponds to a minimum stand-508 off distance in one event (possibly related to a strongest CME or a combination of CME-509 CME/CIR-CME in this year), while the number of negative B z events may be roughly
510
proportional to the number of most geoeffective CMEs (CME-CME or CIR-CME) in the 511 year.
512
We summarize the main results below. 
632
Journal of Geophysical Research (Space Physics), 120 , 5306-5317. doi:
